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(57) The present invention relates to a method of 
preparing a supported catalyst in a vessel comprising a 
vessel inlet, a vessel outlet and a porous element clos- 
ing off the vessel outlet, the supported catalyst compris- 
ing an active phase on a support, wherein the method 
comprises the following steps all being performed in the 
same vessel of: 

(a) feeding the support into the vessel through the 
vessel inlet; 

(b) contacting the support with an impregnation liq- 
uid containing the active phase in the vessel; 

(c) impregnating the support with the impregnation 



liquid; 

(d) optionally draining the impregnated support ob- 
tained in step (c) by removing excess impregnation 
liquid through the porous element; 

(e) optionally drying the drained impregnated sup- 
port; 

(f) optionally calcining the dried impregnated sup- 
port obtained in step (c), (d) or (e), providing the 
supported catalyst: and 

(g) collecting the supported catalyst obtained in 
step (c) : (d), (e) or (f). 

Further the present invention relates to an appara- 
tus suitable for performing the method. 
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Description 

[0001] The present invention relates to a method of 
preparing a supported catalyst in a vessel. 
[0002] Methods of preparing a supported catalyst in 
a vessel are known in practice. Generally, three different 
methods are used to prepare a supported catalyst, clas- 
sified according to the type of impregnation used: 

'Incipient wetness impregnation', wherein the vol- 
ume of the added impregnation liquid exactly 
matches the pore volume of the support. 
'Dip impregnation' or 'wet impregnation 1 wherein a 
surplus of liquid is added to the support and the ex- 
cess is drained just after the support is completely 
filled with liquid. 

'Adsorption impregnation' wherein a surplus of liq- 
uid is added to the support and the excess is re- 
moved only after a relatively long time allowing for 
adsorption of the dissolved species. 

[0003] In the known methods, a certain amount of 
support is manually weighed off and transferred into a 
vessel. Then the support is contacted with an impreg- 
nation liquid containing an active phase by pouring the 
impregnation liquid manually into the vessel. After im- 
pregnation, the impregnated support is transferred man- 
ually to a filter to optionally remove excess impregnation 
liquid and is dried. Subsequently, the dried impregnated 
support is again transferred manually to another vessel 
and calcined in an oven. 

[0004] A problem of the known methods is that they 
are extremely labour-intensive and very time-consum- 
ing, and involve substantial risks of contamination of the 
supported catalyst to be prepared. Moreover, the known 
methods are not easy to automate as the transfer of 
sticky wetted solids involves laborious scraping. 
[0005] Therefore it is an object of the present inven- 
tion to solve the above-mentioned problem. 
[0006] It is a further object of the present invention to 
provide an alternative method of preparing a supported 
catalyst, which method is useful in high throughput ex- 
perimentation. 

[0007] The above and other objects are achieved ac- 
cording to the present invention by a method of prepar- 
ing a supported catalyst in a vessel comprising a vessel 
inlet, a vessel outlet and a porous element closing off 
the vessel outlet, the supported catalyst comprising an 
active phase on a support, wherein the method compris- 
es the following steps all being performed in the same 
vessel of: 

(a) feeding the support into the vessel through the 
vessel inlet; 

(b) contacting the support with an impregnation liq- 
uid containing the active phase in the vessel; 

(c) impregnating the support with the impregnation 
liquid; 



(d) optionally draining the impregnated support ob- 
tained in step (c) by removing excess impregnation 
liquid through the porous element; 

(e) optionally drying the drained impregnated sup- 
5 port; 

(f) optionally calcining the dried impregnated sup- 
port obtained in step (c), (d) or (e), providing the 
supported catalyst: and 

(g) collecting the supported catalyst obtained in 
10 step (c) ? (d) , (e), or (f) . 

[0008] Using the method according to the present in- 
vention a supported catalyst can be prepared in a very 
elegant and surprisingly simple way. As the steps are all 
15 performed in the same vessel, contamination of the sup- 
ported catalyst to be prepared is not likely to occur (as 
no sample transfer is needed between the various 
steps), or at least minimized. 

[0009] The method according to the present invention 

20 can be used for all types of preparing supported cata- 
lysts, including incipient wetness impregnation, dip im- 
pregnation and adsorption impregnation. By changing 
the amount of liquid dosed and the time before draining 
is started, one can easily switch between the various 

25 commercially applied methods. 

[0010] The method according to the present invention 
is in particular useful in high throughput experimentation 
(or 'high speed experimentation 1 ), because a large 
number of catalysts can be prepared simultaneously us- 

30 jng a plurality of vessels, optionally with different reac- 
tion conditions. High throughput experimentation is well 
known to the person skilled in the art and is used for 
instance in the pharmaceutical industry forthe discovery 
and development of new and useful drugs and in the 

35 field of catalysts for the preparation and screening of 
new catalysts. 

[0011] According to the present invention 'a porous 
element closing off the vessel outlet 1 means a porous 
element whereupon a suitable amount of impregnation 

40 liquid may be put for impregnation of the support, where- 
in substantially no impregnation liquid will pass through 
and leave the vessel during impregnation. However 
when pressure is applied (e.g. by a vacuum at the out- 
let), the impregnation liquid will seep through the porous 

45 element. The person skilled in the art will readily under- 
stand that the particular characteristics of the porous el- 
ement and the amount of impregnation liquid used will 
amongst others depend on the support, impregnation 
liquid and conditions in the vessel to be used. 

so [0012] The contacting and impregnation of the sup- 
port with the impregnation liquid takes a suitable amount 
of time to sufficiently impregnate the support. After- 
wards, the impregnated support is optionally drained, 
depending on the amount of impregnation liquid used. 

55 in general an excess amount of impregnation liquid is 
used, such that -after impregnation- in first instance the 
excess amount is drained, e.g. by using a vacuum to 
suck the liquid through the porous element. Then op- 
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tionally the drying step takes place by drawing or blow- 
ing e.g. air through the vessel. Also the impregnated 
support may, instead or in addition, be dried at an ele- 
vated temperature. 

[0013] Subsequently, the dried impregnated support 
may. and usually will, be calcined at a suitable temper- 
ature, depending on the particular supported catalyst. 
[0014] Finally, the supported catalyst is collected or 
transferred to an apparatus for screening the supported 
catalyst. 

[0015] According to a preferred embodiment of the 
method according to the present invention, the porous 
element comprises a frit. 

[0016] Herewith a very easy draining through of the 
impregnation liquid may be achieved when applying a 
suitable vacuum or overpressure, while a hydrostatic 
column of impregnation liquid is allowed to be obtained 
in absence of the vacuum or overpressure. 
[0017] It has been found that very good results are 
obtained when the porous element has an average pore 
diameter of 1-70 um. preferably 4-40 um, most prefer- 
ably 10-16 um. These pore diameters allow a short hy- 
drostatic column of the impregnation liquid to be ob- 
tained when the impregnation liquid is put on top of it. 
However when a vacuum is applied the impregnation 
liquid will seep through. If desired the porous element 
may have hydrophobic or hydrophilic properties. 
[0018] According to a particularly preferred embodi- 
ment of the method according to the present invention, 
at least two supported catalysts can be prepared in par- 
allel. Herewith a substantial time-saving may be ob- 
tained. The parallel approach also facilitates to expose 
all samples to the same process conditions. However, 
the person skilled in the art will understand that also dif- 
ferent process conditions may be used. 
[0019] The present invention further relates to an ap- 
paratus, in particular suitable for high throughput exper- 
imentation, comprising a supported catalyst preparing 
assembly, wherein the supported catalyst preparing as- 
sembly comprises: 

at least one vessel having a vessel inlet and a ves- 
sel outlet, wherein the vessel contains a porous el- 
ement closing off the vessel outlet; 
first feeding means for feeding a support into the 
vessel inlet; 

second feeding means forfeeding impregnation liq- 
uid containing an active phase into the vessel inlet; 
draining means for draining the impregnated sup- 
port by removing excess impregnation liquid 
through the porous element; 
drying means for drying the impregnated support: 
and 

optionally heating means for calcining the impreg- 
nated support. 

[0020] The apparatus according to the present inven- 
tion permits a large number of catalysts to be prepared 



simultaneously using a plurality of vessels, in a surpris- 
ingly simple and elegant way. The reaction conditions in 
the different vessels may be the same or, if desired, may 
be different. Therefore, the apparatus according to the 

5 present invention is very useful in high throughput ex- 
perimentation. An important aspect of the apparatus ac- 
cording to the present invention is that draining of the 
impregnated catalyst may take place without sample 
transfer to another vessel Herewith a substantial time- 

10 saving may be obtained, while contamination of the sup- 
ported catalyst is minimized. 

[0021] As draining means, for instance a vacuum 
pump connected with the vessel outlet may be used. In- 
stead, means (such as a pressure pump connected with 

15 the vessel inlet) may be provided to force the excess 
impregnation liquid through the porous element. As dry- 
ing means, e.g. further feeding means may be provided 
for blowing a gas, such as air, through the vessel. 
[0022] As is mentioned above, it is preferred accord- 

20 ing to the present invention that the porous element 
comprises a frit. Also the porous element preferably has 
an average pore diameter of 1-70 um, preferably 4-40 
um, most preferably 10-16 um. 

[0023] In a further aspect, the present invention re- 
25 lates to a supported catalyst preparing assembly as de- 
scribed in the apparatus according to the present inven- 
tion. 

[0024] Finally, the present invention relates to a ves- 
sel as described in the apparatus according to the 
30 present invention. 

[0025] Hereinafter the present invention will be illus- 
trated in more detail by a drawing. Herein shows: 

Figure 1 a schematic cross-sectional view of the ap- 
35 paratus according to the present invention, com- 
prising a supported catalyst preparing assembly; 
and 

Figure 2 a schematic cross-sectional view of a rack 
for holding a series of vessels according to the 
40 present invention. 

[0026] In figure 1 a schematic cross-sectional view of 
the apparatus according to the present invention is 
shown. The apparatus comprises an assembly 1. The 

45 assembly 1 comprises a plurality of (e.g. quartz) vessels 
2, each having a vessel inlet 3 and a vessel outlet 4. 
Each vessel 2 contains a porous element 5 : such as a 
frit, closing off the vessel outlet 4. 
[0027] The assembly 1 further comprises first feeding 

50 means 6 for feeding a support into the vessel 2 through 
the vessel inlet 3. As support, any kind of support may 
be used, such as granules, powder, a monolith, porous 
foam, etc. In the shown embodiment the feeding means 
6 feeds to each of the vessels 2. The persons skilled in 

55 the art will understand that each vessel 2 may have its 
own first feeding means 6 for feeding the support. The 
first feeding means 6 is (in the shown embodiment) also 
designed to supply an inert gas or air through the vessel 
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inlet 3. Of course, separate feeding means for the gas 
may instead be provided. 

[0028] Further the assembly 1 comprises second 
feeding means 7 forfeeding impregnation liquid contain- 
ing an active phase through the vessel inlet 3. Also, the 
assembly 1 comprises a vacuum pump 8 and a manifold 
9. Further the assembly 1 comprises (not shown) heat- 
ing means. 

[0029] In use of the apparatus according to figure 1 , 
which may of course contain several other components, 
a support is fed (by feeding means 6 or, if desired, man- 
ually) into the vessel 2 through the vessel inlet 3. Hereby 
the support is placed on top of the frit 5. Then the support 
is contacted with an impregnation liquid supplied by the 
second feeding means 7 (or, if desired, manually). After 
a while, excess impregnation liquid is removed by ap- 
plying a vacuum at the outlet 4 of the vessel 2 by using 
the vacuum pump 8 and manifold 9. Suitably, a sealing 
element such as an O-ring (not shown) may surround 
the opening of outlet 4 such as to provide an air-tight 
sealing when a vacuum is applied. Subsequently, the 
impregnated support on the frit 5 is dried by supplying 
air or an inert gas through the first feeding means 6. In- 
stead a vacuum may be applied. Then, the dried impreg- 
nated support obtained on the frit 5 is further dried by 
elevating the temperature to a suitable range using (not 
shown) heating means. To this end e.g. hot air may be 
blown along the vessels, or the vessels may be placed 
in an oven. Thereafter, the supported catalyst is calcined 
using the same or other heating means. Finally, the ob- 
tained supported catalyst is collected and/or transferred 
to e.g. an apparatus for screening catalysts. For collec- 
tion of the obtained support catalyst special means may 
be provided, or the vessels may be easily accessible. 
[0030] The persons skilled in the art will readily un- 
derstand that many modifications can be made. For in- 
stance, the heating and calcining of the support may 
take place in the apparatus as such, or the vessels 2 
may be collected in a rack and transferred to an oven 
as is illustrated in figure 2 hereinafter. 
[0031] Also the vessels 2 may be configurated such 
that they extend horizontally, i.e. the inlets 3 and outlets 
4 of the vessels 2 are in the same horizontal plane. 
[0032] Further the first and second feeding means 6, 
7 may be the same using suitable selector valves. 
[0033] In figure 2 a rack 10, comprising a perforated 
top plate 1 6 and a perforated lower plate 1 1, for holding 
several rows of six vessels 2 (e.g. having an outer di- 
ameter of 30 mm, inner diameter of 25 mm. length of 
150 mm) according to the present invention is shown. 
The rack 1 0 is placed on a vacuum plate 11 comprising 
inlets 12 connected with a vacuum pump (not shown). 
The vacuum plate 11 further contains recesses 13 
wherein O-rings 14 are provided. The outlets 4 of the 
vessels 2 rest on these O-rings 14. In the shown em- 
bodiment, the vessels 2 comprise a flange 15 near the 
inlets 3. 

[0034] In use of the rack 1 0, a support is (e.g. manu- 



ally) fed into the vessel inlet 3 of the vessel 2. Then the 
support is contacted with an impregnation liquid which 
is also fed through the vessel inlet 3. After a while, ex- 
cess impregnation liquid is removed through the frit 5 by 

5 applying a vacuum at the outlet 4 using the vacuum plate 
11 and the (not-shown) vacuum pump. The O-rings 14 
provide for a airtight sealing of the outlets 4. 
[0035] Then, the rack 10 holding the vessels 2 is re- 
moved from the vacuum plate 11 by lifting. The flanges 

10 15 of the vessels 2 will then rest on the top plate 16. 
[0036] Subsequently, the rack 1 0 is transferred to an 
oven (not shown) for drying and/or calcining of the sup- 
ported catalyst contained in the vessels 2. 
[0037] As will be clear from the above, the method and 

15 apparatus according to the present invention permit 
several supported catalysts to be prepared simultane- 
ously while contamination of the supported catalysts is 
not likely to occur or at least minimized. 

20 

Claims 

1 . Method of preparing a supported catalyst in a ves- 
sel comprising a vessel inlet, a vessel outlet and a 

25 porous element closing off the vessel outlet, the 
supported catalyst comprising an active phase on 
a support, wherein the method comprises the fol- 
lowing steps all being performed in the same vessel 
of: 

30 

(a) feeding the support into the vessel through 
the vessel inlet; 

(b) contacting the support with an impregnation 
liquid containing the active phase in the vessel; 

35 (c) impregnating the support with the impreg- 

nation liquid; 

(d) optionally draining the impregnated support 
obtained in step (c) by removing excess im- 
pregnation liquid through the porous element; 
40 (e) optionally drying the impregnated support; 

(f) optionally calcining the dried impregnated 
support obtained in step (c), (d) or (e) : providing 
the supported catalyst; and 

(g) collecting the supported catalyst obtained in 
45 step (c), (d), (e) or (f) . 

2. Method according to claim 1 , wherein the porous 
element comprises a frit. 

so 3. Method according to claim 1 or 2. wherein at least 
two supported catalysts are prepared in parallel. 

4. Apparatus, in particular suitable for high throughput 
experimentation, comprising a supported catalyst 
55 preparing assembly (1), wherein the supported cat- 
alyst preparing assembly (1) comprises: 

at least one vessel (2) having a vessel inlet (3) 
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and a vessel outlet (4), wherein the vessel (2) 
contains a porous element (5) closing off the 
vessel outlet (4); 
- first feeding means (6) for feeding a support in- 
to the vessel inlet (3); 5 
second feeding means (7) for feeding impreg- 
nation liquid containing an active phase into the 
vessel inlet (3); 

draining means for draining the impregnated 
support by removing excess impregnation liq- io 
uid through the porous element (5) ; 
drying means for drying the impregnated sup- 
port; and 

optionally heating means for calcining the im- 
pregnated support. 15 

Apparatus according to claim 4, wherein the porous 
element (5) comprises a frit. 

Apparatus according to claim 4 or 5. wherein the 20 
porous element (5) has a pore diameter of 1 -70 
preferably 4-40 ujti, most preferably 10-16 jxm. 

Supported catalyst preparing assembly (1) as de- 
scribed in the apparatus according to any of the pre- 25 
ceding claims 4-6. 

Vessel (2) as described in the apparatus according 
to any of the preceding claims 4-6. 

30 
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